Sixteen gerbils were subjected to 5 min of forebrain ischemia. Their brains were processed for im munohistochemical staining using monoclonal antibodies against a synaptic vesicle-associated protein 38 (SVP-38) and microtubule-associated protein 2 (MAP2) after recir culation times of 10 min, and 1,4, and 7 days. After 10 min recirculation, SVP-38 immunoreactive dots were ob served only in the CAl region of the hippocampus. After
. However, as noted by Kirino et aI., it is not known whether such presynaptic endings, which are not apposed to postsynaptic sites, play any role in pathogenesis. Several reports have re cently described the immunohistochemical profiles of synaptic vesicle-associated proteins, including synapsin 1 and synaptophysin, in the hippocampus during delayed neuronal death, preservation of the immunoreactivity for these proteins being demon strated (Kitagawa et aI., 1992; Miyazawa et aI., 1993; Rischke et aI., 1990) . However, no studies have reported the immunohistochemical profiles of in the whole hippocampus, despite the complete loss of MAP2 immunoreactivity due to delayed neuronal death. Our results demonstrate an immediate and significant ch�nge in the immunoreactivity of a synaptic vesicle associated protein at the beginning of the process of de layed neuronal death. Thus, changes in the immunoreac tivity of synaptic vesicle-associated proteins such as SVP-38 appear to be one of the earliest indicators of the onset of neuronal death. Key Words: Delayed neuronal death-Synaptic vesicle-associated protein-SVP-38-Microtubule-associated protein 2-MAP2.
synaptic vesicle-associated proteins in the hippo campus during the early stage of recirculation after transient global ischemia. Accordingly, we de signed this study to examine the immunohistochem ical profile of a synaptic vesicle-associated protein in the early stage of recirculation for hints of its role in the process of delayed neuronal death.
METHODS

Experimental animals
Sixteen male Mongolian gerbils (Meriones unguicula tus) weighing 50-70 g were subjected to 5 min of forebrain ischemia. For 12 h before the experiment, the animals only had free access to water. Twenty minutes after the induction of anesthesia with 1 % halothane, both common carotid arteries were occluded with Sugita aneurysm clips. After 5 min occlusion, the clips were removed to restore the circulation. The body temperature was mea sured rectally and was kept constant at 37°C with a feed back-controlled heating lamp throughout the experiment.
After recirculation times of 10 min, and 1, 4, and 7 days, the animals were deeply anesthetized with pentobarbital (4 mg/IOO g) and then transcardially perfused with 4% phosphate-buffered paraformaldehyde (4°C; pH 7.4).
Each group consisted of four animals, one sham-operated animal being used as a control for each group.
Immunohistochemistry
The brains were embedded in paraffin, and then I-j.Lm-thick sections passing through the dorsal hip pocampus were prepared for immunohistochemis try using the peroxidase-anti peroxidase (PAP) technique (Pickel, 198 1) . The sections were stained with monoclonal primary antibodies against either synaptic vesicle-associated protein 38 (SVP-38) (mouse ascites, 1 :400) or microtubule-associated protein 2 (MAP2; 1:200, Amersham), as represen tative markers of presynaptic and postsynaptic sites, respectively. Subsequently, sections were in cubated with mouse PAP (1:20, Cappel). Nonspe cific staining was reduced by preabsorbing both the first antibody and PAP with rat brain homogenates (Petrusz et al. , 1980) . Antibodies were incubated with brain sections for 60 min at room temperature.
Mter each incubation step the sections were rinsed twice in 0. 01 M phosphate-buffered saline (PBS), pH 7. 4, for 5 min each. The final peroxidase reac tion was performed using 0. 05% diaminobenzidine and 0. 005% H202. The regional distributions and alterations of MAP2 and SVP-38 staining were eval uated blindly.
Adjacent sections were stained with cresyl violet.
The CAl region of representative sections was pho tographed.
RESULTS
Pathology of pyramidal cell bodies in the CAl sector of the hippocampus (cresyl violet staining)
There was no abnormal pathologic finding in neu rons after 10 min recirculation, except for some faintly dark-stained neurons ( Immunostaining for MAP2 ( Fig. 2) and SVP-38 ( Fig. 3 
) in the hippocampus
In the CAl sector of the hippocampus of control animals, a uniform distribution of fine granular de posits of SVP-38 immunoreactive products was ob served throughout all the layers except for the py ramidal cell bodies and their dendrites, which ex hibited "silhouettes" with negative staining. After We used an anti SVP-38 monoclonal antibody as a representative marker of presynaptic terminals. Obata et al. (1986 Obata et al. ( , 1987 immunized mice with syn aptic vesicles isolated from guinea pig cerebrum to produce monoclonal antibodies against synaptic vesicle proteins. These antibodies recognized four synaptic vesicle protein bands on Western blots, corresponding to molecular weights of 30,000, 36,000, 38,000 (SVP-38), and 65,000. On immuno electron microscopy, these proteins were observed to be localized to synaptic vesicles and to the plasma membrane adjacent to the presynaptic nerve terminals. For our study, we used an anti-SVP-38 monoclonal antibody (Mab 171B5) that cross-reacts with rat brain. We had already confirmed selective staining of presynaptic nerve terminals on normal gerbil brains by immunoelectron microscopy (data not shown). It was previously shown that postnatal increases in SVP-38 immunoreactivity correspond to postnatal cortical synaptogenesis (Miyazawa et aI. , 1992) . Our results demonstrate that, at an early stage of recirculation when MAP2 degradation has not yet appeared, an early and significant change in the im munoreactivity of a synaptic vesicle-associated protein (SVP-38) has already occurred. Kirino (1982) previously demonstrated, by electron mi croscopy, the early "clumping" of synaptic vesi cles in presynaptic terminals of the CAl sector. We propose that the dots of SVP-38 immunostaining reflect the regional accumulation of presynaptic ter minals with such vesicle "clumping. " Although the preserved immunoreactivity for SVP-38 at later stages of recirculation is consistent with previous reports on synapsin 1 (Kitagawa et aI. , 1992) and synaptophysin (Miyazawa et aI., 1993a) staining, the "coarse appearance" has not previously been described.
What is the pathologic significance of the reduced SVP-38 immunoreactivity after 1 day of recircula tion? The scattered SVP-38 immunoreactive dots observed after 10 min recirculation appear to rep resent a precursor of the generally weak staining at 1 day. Increased synaptic transmISSIOn via glu taminergic Schaffer collaterals has been hypothe sized to cause delayed neuronal death in the CAl sector (Storm-Mathisen, 198 1; Westerberg et aI. , 1989) . Because neurons in the CAl sector exhibit pronounced hyperactivity after 1 day recirculation (Suzuki et aI. , 1983) , the transit of synaptic vesicles from a reserve pool to releasable pools must be ac celerated. In fact, Von Lubitz and Diemer (1983) demonstrated ultramicroscopically a considerable reduction of synaptic vesicles in the "active zone,"
which includes those synaptic vesicles that are clos est to the presynaptic membrane, after 60 min re circulation after lO-min global brain ischemia in rats. Assuming that phosphorylation induces a structural change of the epitope in SVP-38 after an ischemic insult (Greengard et aI. , 1993) , the sup pression of SVP-38 immunoreactivity may be inter preted as a result of the depletion of the reserve pool of synaptic vesicles. Retardation of synaptic vesicle turnover may also contribute to the reduced SVP-38 immunoreactivity (Greengard et aI., 1993) .
Because protein synthesis is globally suppressed in tlte early stages of recirculation (Kirino, 1982;  Widmann et aI. , 199 1), the reduced immunoreactiv ity of SVP-38 may simply reflect suppressed pro duction of SVP-38, and/or impaired axoplasmic transport of this protein from the neuronal perikarya in other regions. The minimum changes of the perikarya of the CAl sector in the early stages may indicate some reactive changes in rela tion to deranged synaptic transmission occurring at somatic synapses (Kirino, 1982; Johansen et aI. , 1984) .
Thus, it is logical to assume that, at least, de ranged neuronal transmission at synapses may con tribute to the mechanism of delayed neuronal death.
Moreover, since regions other than the CAl sector of the hippocampus did not show immunoreactive dots of SVP-38, changes in the immunoreactivity of synaptic vesicle-associated proteins such as SVP-38 may be one of the earliest indicators of the onset of neuronal death. Investigation of synaptic vesicle turnover will thus be crucial for clarifying the mech anism of delayed neuronal death in the hippocam pus after transient ischemia. However, the argu ment that these results could be a simple coinci dence will naturally be raised. lmmunoelectron microscopic and biochemical investigations are in dispensable to clarify the significance of SVP-38 for the process of delayed neuronal death in the future.
